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PROSTHETIC KNEE WITH ADJUSTED 
CENTER OF INTERNAL/EXTERNAL 

ROTATION 

BACKGROUND OF THE INVENTION 

1. Field Of The Invention 

This invention relates to prosthetic joints generally, and 
more particularly to an improved, unconstrained prosthetic 
knee replacement for a dysfunctional knee. 

2. Prior art 

Referring noW to prior art knee endoprostheses, there are 
basically tWo types of prosthetic replacement knees knoWn 
generally as constrained and unconstrained knees. An 
example of an unconstrained or ?oating meniscal bearing 
knee is disclosed in Buechel et al Pat. No. 4,340,978. An 
embodiment of the Buechel invention is manufactured and 
sold by DePuy, Inc. of WarsaW, Indiana. Preferably, the 
bearing elements of these types of knees are manufactured 
With high density polyethylene such as that disclosed in 
Zachariades Pat. No. 4,587,163 developed by Polteco Inc. of 
Alameda, Calif. because of its superior Wear resistant char 
acteristics. 

Referring next to typical prior art tibial-femoral knee 
prostheses, prostheses Which alloW axial rotation and A-P 
motion in addition to ?exion-extension motion have incon 
gruent contact (usually theoretical point-contact) betWeen 
the femoral and tibial bearing surfaces, have been knoWn. 
Those prior art knee prostheses Which do provide congruent 
or area bearing contact fail to provide the needed axial 
rotation, or When cruciates are present the needed anterior 
posterior motion. 

Preexisting constrained knees have often resulted in early 
failure as a result of hinge constrainment. The degree of 
rotation Was limited to either only one plane or a very small 
arc. Also, as shoWn in Us. Pat. No. 4,219,893, very little 
?exibility Was possible in the shape of the patello-femoral 
interfaces because of the requirement to maintain congruent 
patello-femoral contact over the range of motion of the knee. 
As a result, patello-femoral tracking problems became com 
monplace. 

It Was necessary to use a large circumference When used 
to resurface allografts resulting in problems With soft tissue 
necrosis and/or patello-femoral tracking problems as 
described above. Furthermore, most implants Were knoWn as 
custom devices since they had to be specially made to ?t a 
particular patient’s siZe and thus required excess manufac 
turing time and unnecessary delays. 
An additional, signi?cant problem With prior art con 

strained knees results from the fact that the range of motion 
prevents the normal A-P movement of the inferior end of the 
femur relative to the posterior end of the tibia. This “sliding” 
movement is necessary in order to maintain the full range of 
motion desired in a prosthetic device. 

Current prostheses of the dislocatable cruciate retaining 
type, such as the Geomedic knee replacement shoWn in US. 
Pat. No. 3,728,742 to Averill et al, that produce area contact 
provide only one axis of rotation relative to the femur for the 
?exion-extension motion. Normal ?exion-extension is, 
hoWever, characteriZed by a polycentric ?exion-extension 
motion Where rotation relative to the femur occurs about 
many axes. 

This polycentric motion, Which results from the action of 
the cruciate ligaments and condylar shape, alloWs for more 
efficient utiliZation of muscle forces by providing a posterior 
shift of the axis When effective quadriceps action is impor 
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2 
tant and an anterior shift When hamstrings effectiveness is 
important. Furthermore, in the human knee it is this action 
and the A-P shift, and the shape of the posterior condyles, 
Which in?uence this motion so as to alloW full ?exion 
capability for the knee. Failure to provide appropriate knee 
geometry inhibits, When cruciate ligaments are present, this 
natural motion and thus tends to restrict muscle effectiveness 
and inhibit ?exion. These restrictions tend to increase both 
loading on the prosthesis and loading betWeen prosthesis 
and bone. 
Another problem exists With regard to knee endoprosthe 

ses for implantation in those cases Wherein the cruciate 
ligaments are functionally absent but Where the collateral 
ligaments are functional or at least reconstructible. In the 
absence of cruciate ligaments, the prosthetic replacement 
must provide anterior-posterior knee joint stability so as to 
replace that stability otherWise provided by the cruciates. 
Until recently most such cases Were treated by a constrained 
type knee prosthesis. 
Where the cruciate ligaments are present, most surgeons 

Would prefer their retention, since they provide important 
internal stabiliZers and, together With the condylar geometry 
of the femur and tibia, control the rotation axis and A-P 
motion of the knee. Furthermore, these ligaments provide 
anterior-posterior stability. Thus, it is desirable to reserve the 
cruciate ligaments, even though reasonable stability can be 
provided by a properly designed full platform type prosthe 
sis. 

In addition, the action of the cruciate ligaments produces 
a shift in the rotation axis of the knee Which results in more 
efficient muscle utiliZation. Thus, preservation of these 
structures provides better physiological function after knee 
replacement. 

It is not, hoWever, clear that the physiological advantages 
gained in retaining the cruciates outWeigh the disadvantages 
of the design compromises, such as increased bearing sur 
face incongruency and reduced tibial prosthesis bearing 
area, required to retain these ligaments. Thus, the desirabil 
ity of retaining the cruciate ligaments in the cases of 
unconstrained knee replacement is not Well established. 
A recent unconstrained knee concept, the NeW Jersey 

knee, appears to provide a partial solution to the problem of 
overconstraint While attempting to maintain congruency by 
the use of meniscal ?oating elements. Unfortunately, this 
knee suffers from several design problems Which appear to 
limit its usefulness. 
An important consideration in the design of knee implant 

devices is maximiZing performance in terms of providing 
ranges of motion commensurate With those of the natural 
knee being replaced. Another important consideration is 
coupling the above desired ranges of motion With suitable 
strength in each range of motion to accomplish normal body 
activities. The most difficult of normal body activities to 
restore and/or maintain folloWing knee implant surgery 
include the ability to stand from a seated position and the 
ability to climb stairs. These activities tend to be most 
demanding in terms of the required range of motion and the 
level of forces applied to the various knee region compo 
nents. Thus, the ability of a knee prosthesis to perform 
satisfactorily under these demanding conditions is one Way 
to measure performance. 
The natural human knee joint is a device having six 

degrees of freedom. It provides ?exion/extension capability, 
varus/valgus ability and internal/external rotation ability 
relative to the longitudinal axes of the femur and tibia. In 
addition, the natural human knee provides anterior/posterior 
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translation With the ?exion/extension motion that is 
described above. The inventors believe that providing at 
least the same degrees of freedom as the natural knee in a 
knee prosthesis is most likely to provide a satisfactorily 
performing prosthesis. 

Existing knee implant devices are directed toWard tWo 
someWhat different types of resulting functions: (1) creating 
function in a replacement knee joint to approximate, as 
nearly as possible, the natural function of the original knee 
joint and (2) creating neW function in a replacement knee 
joint that is different from the natural function of the original 
knee joint, but Which is nevertheless suitable for accom 
plishing the desired normal body activities. The goals of 
achieving these types of functions can result in different 
approaches in the design of the implant devices themselves, 
the procedure used for implantation and the planned result 
ing interaction betWeen the implanted devices and the 
remaining knee joint environment, including the remaining 
bone portions of the femur and tibia, ligaments, tendons and 
muscles. Some design considerations, on the other hand, are 
believed to be shared, at least in some aspects, betWeen knee 
implants Which attempt to approximate natural knee func 
tion and knee implants Which create an entirely neW type of 
function. 

During ?exion and extension of the natural knee, the 
femur shifts, or translates, in its position relative to the tibia, 
posteriorly and anteriorly, respectively. The posterior trans 
lations of the individual condyles of the tibia relative to the 
femur do not, hoWever, occur over precisely the same 
distance during the ?exion and extension activities. The 
translation of the lateral tibial condylar surface is actually 
greater than that of the medial tibial condylar surface for 
both ?exion and extension. Accordingly, ?exion and exten 
sion of the natural human knee are accompanied, 
respectively, by a component of internal and external rota 
tion of the tibia relative to the longitudinal axis of the femur. 

In addition, the natural center of this internal/external 
rotation of the tibia relative to the longitudinal axis of the 
femur tends to be slightly medial relative to the geometric 
center of the tibial plateau. Although this medial offset in the 
axis of internal/external rotation can be measured in differ 
ent Ways, it is believed to be best measured relative to 
anatomical landmarks of the knee, such as the tibial 
eminence, a pair of raised bone portions upon the superior 
tibial surface, called the medial and lateral tibial eminences, 
or the medial and lateral intercondylar tubercles. The natural 
medial offset of the internal/external rotation axis is believed 
to be aligned With the medial tibial eminence. Although the 
precise distance varies among individuals due to differing 
knee geometries and siZes, it is believed that the offset 
distance for the center of internal/external rotation relative to 
a point midWay betWeen the medial and lateral tibial emi 
nences varies from approximately 5—10 mm. It is believed 
that for average-siZed individuals, this offset distance Will be 
approximately 7 mm. 

Current knee prostheses are not designed to include this 
offset axis of internal/external rotation. Although the various 
force distributions, types of motions and the interactions of 
the various knee region components (including the femur, 
tibia, associated ligaments, tendons and muscles) among 
both natural and prosthetic knees are not completely 
understood, it is believed that consideration of the axis of 
internal/external rotation as an additional design feature is 
more likely to result in a knee prosthesis that more accu 
rately mimics natural knee function. Consequently, inclu 
sion of this additional design feature is believed to provide 
a performance improvement over existing designs. 
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It should also be noted that since the interactions of the 

remaining knee environment components mentioned above 
also contribute to knee function, changes made during the 
surgical procedure to these other components Will also result 
in design changes, in some Ways mimicking and in some 
Ways compensatory, in ?nal knee prosthesis construction. 
During surgeries for the implantation of knee prostheses, 
oftentimes one or more of the natural components of the 
knee region is either sacri?ced or changed in its resultant 
geometry and/or connectivity. Such a change may result in 
different levels of reliance, at different strengths and/or in 
different directions, on the remaining natural components in 
order to achieve satisfactory function in the implanted knee. 

In some implant procedures, for example, the anterior and 
posterior cruciate ligaments are removed. This change 
causes the motion of the implanted knee to be largely 
governed by the medial and lateral collateral ligaments. 
Because of the changes in geometry, rotational movement 
and force distribution betWeen natural knee region compo 
nents and the components of an implanted knee prosthesis, 
it is believed advantageous to incorporate additional design 
features into a knee prosthesis that adjust or compensate for 
these changes in Ways that Will be favorable for the motion 
and strength of the resulting joint. 
An additional consideration in the design of knee pros 

theses involves maximiZing the operational life of the pros 
thesis by minimiZing Wear of the prosthesis components. 
Extended Wear resistance tends to require less revision/ 
replacement surgery folloWing the original implant. It also 
tends to alloW more vigorous activity that is more demand 
ing on the replacement joint, Which is important for athletic 
type activities and general exercise. Although Wear consid 
erations are pertinent to the design of all prosthetic knees, 
they currently tend to be especially pertinent to ?xed bearing 
knees, as opposed to mobile bearing knees Which include 
other features designed to minimiZe Wear. Thus, improving 
the design of these implant devices is believed to best focus 
on the dual goals of minimiZing Wear With enhanced per 
formance. 
Many knee prostheses tend to Wear most in the posterior 

medial quadrant. The study of forces associated With move 
ment of the natural human knee and knee implants has 
determined that anterior-posterior sliding, axial rotation and 
congruent versus incongruent bearing contact are important 
design considerations in a prosthetic knee for achieving 
favorable utility With minimum Wear. Each of these consid 
erations can affect both the degree and location of Wear in 
prosthesis components over the ranges of knee motion, 
although the processes Which contribute to the degree and 
location of Wear are not fully understood. It is noW believed, 
hoWever, that other additional factors observed With respect 
to both natural and arti?cial knees are also in?uential toWard 
achieving favorable utility With minimum Wear. These addi 
tional factors include rotational forces distributed among 
individual knee condyles, the center of internal/external 
knee rotation betWeen the femur and tibia at various portions 
of knee motion, the distribution of knee joint forces relative 
to the femur and tibia, and the individual lever arms asso 
ciated With ligaments, tendons and muscles of the knee joint. 
In particular, it has been determined through the studies of 
both natural and prosthetic knees that these additional fac 
tors can be adjusted in various relative Ways in a prosthetic 
knee, to enhance performance and minimiZe Wear. Some 
times the adjustments made are designed to mimic natural 
knee region characteristics. Other times they are designed as 
a purposeful deviation from the natural condition to adjust 
relative to, compensate for, or take advantage of, changes 
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resulting from the implant design and the resultant knee 
region characteristics following implantation. One factor 
believed to take several of these additional in?uential fea 
tures into account is the center of internal/external rotation 
of the prosthesis relative to the longitudinal axes of the 
femur and tibia. Current prostheses are believed to have 
room for design improvements in this area that can enhance 
their function and extend their useful life. 

The present invention, the Pottenger/Draganich Knee 
utiliZes neW concepts combined in an improved design in 
order to avoid some of the anticipated difficulties of the prior 
art design. 

SUMMARY OF THE INVENTION 

The present invention is directed to an improved prosthe 
sis for the replacement of all or a portion of a dysfunctional 
human knee joint. 
An object of the present invention is to provide an 

improved semiconstrained knee prosthesis With a novel 
polycentric femoral component having different radii of 
curvature in different sagittal sections. 
An object of the present invention is to provide a knee 

prosthesis Which facilitates rotation about one or more axes 
in the presence of congruency of the bearing surfaces. 
A further object of the present invention is to provide a 

knee prosthesis Which substantially reduces the possibility 
of tipping and/or dislocation of the bearing insert or inserts 
in the absence of the anterior and posterior cruciate liga 
ments. 

A further object of the present invention is to provide a 
knee prosthesis Which alloWs full ?exion of the recon 
structed knee Without applying shear forces. 
A further object of the present invention is to provide a 

knee prosthesis Where the tibiofemoral area contact controls 
the movement of the femoral component and thus increases 
quadriceps effectiveness. 
An object of the present invention is to provide a knee 

prosthesis in Which A-P sliding of the bearing element With 
knee ?exion alloWs the normal anatomical shift in the center 
of the area of contact betWeen femoral and tibial condyles. 

A further object of the present invention is to provide a 
knee prosthesis With improved medial-lateral stability, sub 
stantially unaffected by axial rotation or anterior-posterior 
(A-P) shift of the bearing element. 
A further object of the present invention is to provide a 

knee prosthesis Which includes constraints at the limits of 
normal motion to compensate for missing cruciate ligaments 
and prevent dislocation. 
A further object of the present invention is to provide a 

semiconstrained knee prosthesis Where the femoral compo 
nent may articulate in extremely close proximity With the 
tibia to eliminate patella baha problems. 

In accordance With the foregoing and other objects, the 
unconstrained prosthetic knee of the present invention 
includes a femoral prosthesis having a pair of condylar 
portions, each having, preferably tWo sagittally spaced arcu 
ate segments of different radii, a tibial prosthesis having a 
bearing surface for supporting Weight, and an intermediate 
load-bearing member having a thrust-bearing surface for 
matingly engaging the bearing surface of the tibial prosthe 
sis and adapted to distribute Weight and to transmit forces in 
a plane substantially perpendicular to the axis of the tibia 
and a mutually congruent superior surface for engaging the 
condyles of the femoral prosthesis to provide area contact 
throughout the full range of ?exion/extension of the knee. 
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A further object of the present invention is to provide a 

knee prosthesis that is stabiliZed in its anterior and/or 
posterior movement throughout a substantial range of ?ex 
ion. 

In accordance With the foregoing and other objects, the 
stabiliZed prosthetic knee of the present invention includes 
a posterior stabiliZation member and may further include an 
anterior stabiliZation member upon an intermediate bearing 
member. A femoral component articulates in at least tWo 
radii of curvature With the bearing member. The bearing 
element rotates With respect to a tibial component, and the 
posterior and anterior stabiliZation members inhibit disar 
ticulation betWeen the bearing element and a ?rst bearing 
surface of the femoral component. 
A further object of the present invention is to provide a 

knee prosthesis having a center of internal/external rotation 
that is adjusted in a medial direction to more accurately 
mimic the natural medial center of internal/external rotation 
of the natural human knee. 

Another object of the present invention is to provide a 
knee prosthesis having a center of internal/external rotation 
that is adjusted in one or more directions relative to one or 
more anatomical landmarks of the knee for enhanced per 
formance. 

Yet another object of the present invention is to provide a 
knee prosthesis having a center of internal/external rotation 
that is adjusted in one or more directions relative to one or 
more anatomical landmarks of the knee to extend the Wear 
resistance of the prosthesis. 
A further object of the present invention is to provide a 

knee prosthesis having a center of internal/external rotation 
that is adjusted in one or more directions relative to one or 
more anatomical landmarks of the knee to compensate for 
Wear. 

Another object of the present invention is to provide a 
knee prosthesis capable of movement among degrees of 
freedom comparable to the natural human knee. 

Yet another object of the present invention is to provide a 
knee prosthesis capable of having its center of internal/ 
external rotation purposefully adjusted in one or more 
directions based on changes in the geometry of one or more 
ligaments, tendons or muscles in the knee region or in the 
femur or tibia resulting from knee prosthesis implantation. 

In accordance With the foregoing and other objects, the 
stabiliZed prosthetic knee of the present invention includes 
an adjusted center of internal/external rotation for enhancing 
performance While minimiZing Wear. In one preferred 
embodiment, the center of internal/external rotation is 
adjusted medially relative to one or more anatomical land 
marks of the knee, such as the tibial eminence, to thereby 
mimic the medial center of internal/external rotation of the 
natural knee. This can be accomplished in at least tWo Ways. 
One Way is to enlarge the ?xation shaft that is inserted 
Within the tibial intermedullary canal, and provide a medial 
off-center recess for receiving a medially-shifted bearing 
element post. Another method is to adjust the position of 
both the ?xation shaft and the bearing element post in a 
medial direction. 

In another preferred embodiment, this adjustment prin 
ciple may also be used to change the center of internal/ 
external rotation in a lateral direction, an anterior direction, 
a posterior direction or any combination of medial-lateral 
and anterior-posterior directions. Any adjustment described 
herein may also be used to change the center of internal/ 
external rotation relative to the natural center of internal/ 
external rotation, relative to an anatomical landmark in the 
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knee region, such as the tibial eminence, or relative to any 
other location deemed pertinent to enhancing performance 
While minimizing component Wear. Such adjustment may 
also be based upon other criteria deemed in?uential toWard 
enhancing performance While minimiZing component Wear, 
including adjusting the distribution of forces upon the femur 
and tibia, adjusting rotation of the prosthetic knee upon the 
individual condyles, compensating for or taking advantage 
of resulting changed geometries or interactions among any 
of the remaining ligaments, tendons or muscles folloWing 
knee implantation, or other attributes deemed pertinent 
toWard enhancing performance While minimiZing Wear. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A complete understanding of the invention may be 
obtained from the detailed description Which folloWs, 
together With the accompanying draWings, Wherein: 

FIG. 1 is a perspective vieW of one embodiment of the 
unconstrained prosthetic knee of the present invention; 

FIG. 2 is an exploded perspective vieW of the tibial 
component and bearing element of the prosthetic knee of 
FIG. 1; 

FIG. 3 is a vertical section taken generally along the line 
3—3 of FIG. 1; 

FIG. 4 is a vertical section taken generally along the line 
4—4 of FIG. 1; 

FIG. 5 is a vertical section taken generally along the line 
5—5 of FIG. 1; 

FIG. 6 is a top plan vieW of the bearing element made in 
accordance With the present invention as shoWn in FIG. 1; 

FIG. 7 is a front elevational vieW of the bearing element 
of FIG. 6; 

FIG. 8 is a bottom vieW of the bearing element of FIG. 6; 
FIG. 9 is a rear elevational vieW of the bearing element of 

FIG. 6; 
FIG. 10 is a side elevational vieW of the bearing element 

of FIG. 6; 
FIG. 11 is a vertical section taken generally along the line 

11—11 of FIG. 6; 
FIG. 12 is a vertical section taken generally along the line 

12—12 of FIG. 6; 
FIG. 13 is another vertical section taken generally along 

the line 13—13 of FIG. 6; 
FIG. 14 is a diagrammatic representation of the assembled 

bearing element and tibia portion shoWing the bearing 
element in its forWardmost position; 

FIG. 15 is a diagrammatic representation similar to FIG. 
14 shoWing the bearing element in its rearWardmost posi 
tion; 

FIG. 16 is a top plan vieW of the femoral component on 
a reduced scale; 

FIG. 17 is a vertical section taken generally along the line 
17—17 of FIG. 16; 

FIG. 18 is a front elevational vieW of the prosthesis 
assembly of FIG. 1 implanted Within a patient; 

FIG. 19 is a rear elevational vieW of the prosthesis 
assembly of FIG. 1 implanted Within a patient; 

FIG. 20 is a side elevational vieW of the prosthesis 
assembly of FIG. 1 in a generally, straight extended position; 

FIG. 21 is a diagrammatic representation of the prosthesis 
assembly of FIG. 1 With the knee shoWn in ?exion; 

FIG. 22 is a top plan vieW of the bearing element made in 
accordance With the preferred embodiment of the present 
invention; 
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FIG. 23 is a front elevational vieW of the bearing element 

of FIG. 22; 
FIG. 24 is a rear elevational vieW of the bearing element 

of FIG. 22; 
FIG. 25 is a side elevational vieW taken along the line 

25—25 of FIG. 22; 
FIG. 26 is a vertical section taken generally along the line 

26—26 of FIG. 22; 
FIG. 27 is a vertical section taken generally along the line 

27—27 of FIG. 22; 
FIG. 28 is a mid-vertical section taken generally along the 

line 28—28 of FIG. 22; 
FIG. 29 is a front elevational vieW of the femoral com 

ponent of the preferred embodiment. 
FIG. 30 is a bottom plan vieW of the femoral component 

of the preferred embodiment; 
FIG. 31 is a side elevational vieW of the femoral compo 

nent taken generally along the line 31—31 of FIG. 29; 
FIG. 32 is a mid-vertical section of the femoral compo 

nent taken generally along the line 32—32 of FIG. 29. 
FIG. 33 is an exploded rear elevational vieW of the knee 

of the present invention including a posterior stabiliZation 
member; 

FIG. 34 is an exploded side cross-sectional vieW of the 
embodiment of the knee shoWn in FIG. 33; 

FIG. 35 is a side cross-sectional vieW of the embodiment 
of the knee-shoWn in FIG. 33 at 0° ?exion; 

FIG. 36 is a side cross-sectional vieW of the embodiment 
of the knee shoWn in FIG. 33 at 71/z° ?exion; 

FIG. 37 is a side cross-sectional vieW of the embodiment 
of the knee shoWn in FIG. 33 at intermediate ?exion; 

FIG. 38 is an exploded side cross-sectional vieW of the 
knee of the present invention including a posterior stabili 
Zation member and an anterior stabiliZation member; 

FIG. 39 is an exploded rear elevational vieW of the knee 
of the present invention having one version of an additional 
cooperating surface; 

FIG. 40 is an exploded side cross-sectional vieW of the 
knee shoWn in FIG. 39; 

FIG. 41 is an exploded rear cross-sectional vieW of the 
knee of the present invention having an alternate version of 
an additional cooperating surface; 

FIG. 42 is an exploded side cross-sectional vieW of the 
knee shoWn in FIG. 41; 

FIG. 43 is a side cross-sectional vieW of tWo portions of 
the knee of the present invention having an alternate version 
of engagement betWeen the bearing element and tibial 
prosthesis; 

FIG. 44 is a side cross-sectional vieW of tWo portions of 
the knee of the present invention Without direct engagement 
betWeen the bearing element and tibial prosthesis; 

FIG. 45 is an exploded rear elevational vieW of another 
embodiment of the knee of the present invention, having an 
enlarged tibial component ?xation shaft inserted Within the 
tibial intermedullary canal, and a medial off-center recess for 
receiving the bearing element post; 

FIG. 46 is an exploded side cross-sectional vieW of the 
knee shoWn in FIG. 45; 

FIG. 47 is an exploded rear elevational vieW of another 
embodiment of the knee of the present invention, having the 
position of both the tibial component ?xation shaft and the 
bearing element post adjusted in a medial direction; and 

FIG. 48 is an exploded side cross-sectional vieW of the 
knee shoWn in FIG. 47. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The prosthetic knee of the present invention is shown and 
described herein With respect to tWo embodiments. The tWo 
embodiments differ in the number of arcuate surfaces pro 
vided for sliding engagement betWeen the femoral compo 
nent and the bearing element as described in detail herein 
after. The embodiment shoWn and described in FIGS. 1—21 
describe the prosthetic knee design utilizing three arcuate 
surfaces on each of the condyles of the tibial component. 
The preferred embodiment, shoWn in FIGS. 22—32 utiliZes 
only tWo arcuate surfaces for the improved knee as shoWn 
and described in detail herein. For convenience, the same 
numerals are used to describe the same element in the 
respective embodiments. 

The ?oating bearing prosthetic knee, generally designated 
10 in FIG. 1, provides area contact as opposed to line contact 
or point contact throughout the entire ?eXion/eXtension 
range of the prosthesis. Through this design, some degree of 
rollback automatically occurs as the knee ?exes and addi 
tional rollback is alloWed to Will occur through the move 
ment of the sliding bearing. Area contact throughout the full 
range of motion is obtained through the use of multiple 
arcuate sections along the path of conduct of the condyles 
With the bearing insert. HoWever, unlike prior art prosthetic 
knees of the prior art, the different radii and arcuate portions 
of the condyles lie in different sagittal or medial-lateral 
planes. Thus tibial-femoral area contact Will occur in dif 
ferent longitudinal planes throughout the ?eXion/eXtension 
range of the knee. Area contact Will occur simultaneously in 
tWo planes only at the point of transition betWeen the 
respective arcuate portions. 

The desirable prosthetic knee 19 satis?es at least ?ve 
characteristics. One, the knee should have the normal poly 
centric motion of the normal knee joint. TWo, unconstrained 
anterior-posterior motion and rotation Would be permitted 
Within the normal range of motion of the knee. Three, 
constrained A-P motion and rotation Would occur at the 
limits of normal motion. Four, normal rollback of the femur 
With respect to the tibia should occur during ?eXion of the 
knee. Five, tibial-femoral contact pressure should be mini 
miZed in order to reduce Wear on the polyethylene bearing 
insert 16. The present invention 10 satis?es these ?ve 
characteristics as described hereinafter. 

Major Components 

Referring noW in particular to FIG. 1, the unconstrained 
knee, generally designated 10, is shoWn in perspective vieW 
to include a femoral component 12, a tibial component 14, 
and a bearing element 16. The femoral component 12 
includes at least one upWardly extending stem 18 or other 
means for connection to the femur and a pair of condyles 20 
on its inferior surface for engagement With the bearing 
portion 16. Preferably, the bearing element 16 is constructed 
of a tough, Wear-resistant, resilient material such as high 
density polyethylene. The remaining elements of the pros 
thetic knee are metallic and preferably manufactured of a 
cobalt-chromium alloy material approved for use in pros 
thetic devices. 

The Tibial Component 

The tibial component includes a generally ?at rigid plat 
form 22 and a depending stem portion 24 for securing the 
tibial portion to the tibia. The superior surface of the femoral 
component and the implantable stem portion 24 and inferior 
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10 
surface of the platform 22 of the tibial component include a 
surface adapted for porous ingroWth to secure the prosthetic 
device Within the tibia and femur, respectively, of the host or 
allograph bone of the patient. By contrast, the condyles 20 
of the femoral component are highly polished to reduce 
friction. 

Referring to the loWer portion of FIG. 2, the tibial portion 
includes the platform 22 and the depending stem 24. The 
platform is provided With a pair of laterally spaced, gener 
ally triangular-shaped, upWard protrusions 26 and a cen 
trally located aperture 28 for limiting the A-P movement of 
the bearing 16 described beloW. 
More particularly, referring to FIGS. 2, 5 and 6, the 

bearing 16 includes a centrally located generally rectangular 
opening 32 Which is used to slidably connect the bearing to 
the top of the tibial component 22. The bearing 16 has a 
generally ?at inferior surface 34 as shoWn in FIG. 8 Which 
slidably engages the superior surface or platform 22. The 
aperture 32 includes, at its loWer end, a ridge or lip 36, of 
similar con?guration. Both the aperture 32 and the vertical 
Wall of the bearing have smooth or rounded corners to 
reduce stress. The bearing 16 is captured by a retaining 
means, generally designated 40, Which includes a shoulder 
bolt 42, a retainer 44 and a spacer 46. The spacer 46 and 
retainer 44 are preferably manufactured of high density 
polypropylene, similar to that used for the bearing insert 16 
and the shoulder bolt 42 Would be made of stainless steel, 
titanium or cobalt-chromium alloy approved for use in this 
application. 
The shoulder bolt 42 includes a loWer threaded portion 48 

Which engages a plurality of threads 50 at the loWermost end 
of the aperture 28 Within the stem 24 of the tibial component. 
The shoulder sets the depth to prevent from the head 52 of 
the shoulder bolt from impeding the movement of the 
bearing insert 16. The retainer 46 includes an enlarged 
diameter ring 54 at its loWermost end Which engages the 
platform 22 of the tibial portion 14 around the aperture 28 
and eXtends upWardly coaXially With the shoulder bolt 42. 
The retainer or retaining element 44 is generally square in 

shape and includes a loWer square portion 56 Which forms 
a clearance ?t Within the ridge 36 at the loWer end of the 
aperture 32 in the bearing, as can be seen in FIG. 5. The 
upper end of the retainer includes an enlarged ?ange 58 
Which engages the top of the step or lip 36. The retainer 44 
is dimensioned so that the distance betWeen the underside of 
the head 52 of the shoulder bolt and the top of the lip 36 
provides a loW tolerance clearance ?t With the ?ange 58 of 
the retainer to alloW the bearing 16 to slidably move on the 
platform 22 Without becoming disengaged from the platform 
22. In this manner, the bearing is free to slide in an anterior 
posterior or A-P path. The retainer 44 Will stop the move 
ment in the A-P direction as the front and rear surfaces 
engage the front or inner surfaces of the lip 36. 
The retaining means 40, in addition to permitting A-P 

movement of the bearing 16 also permits pivotal movement 
generally about the center line of the shoulder bolt 42. Thus, 
depending upon the anterior or posterior displacement of the 
bearing insert 16 relative to the retainer 44, the bearing insert 
and the retainer may pivot about the center line of the 
shoulder bolt 42 to provide freedom of movement. HoWever, 
in order to prevent too much pivotal movement of the 
bearing 16, particularly When in its anteriormost position, 
the triangular protrusions 26 provide a stop means. 
The stop means includes the upWard protrusions 26 and a 

pair of symmetrical cutouts 60 on the loWer surface of the 
bearing insert 16. In particular, each cutout includes a 
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generally ?at rear Wall 62 and a generally curved inner Wall 
64 for engagement With the upward protrusions 26. As 
shown in FIG. 4, the height of the rear Wall 62 permits the 
cutouts 60 to clear the top of the stops 26. Referring to FIG. 
14, in its anterior-most position, the arcuate Walls 64 of the 
bearing 16 engage the inner, generally right angle corner of 
the triangular protrusions 26 to virtually preclude most of 
the pivotal movement or rotational movement of the bearing 
insert 16. As the bearing 16 is moved toWards its posterior 
most position, as shoWn in FIG. 15, the bearing is free to 
rotate in either direction as shoWn by arroWs A and B and are 
limited by the longer upstanding Walls of the protrusions 26 
Which engage the ?at Walls 62 Within the cutout 60. 

Therefore, it can be seen that the bearing insert 16 is 
constrained but is permitted to move in the A-P direction 
from the extremes as shoWn in FIG. 14 to that as shoWn in 
FIG. 16 While, at the same time, it is free to pivot about an 
axis de?ned by the shoulder bolt 24 Within the limits created 
by the stop means Where the Walls 62 and 64 of the cutouts 
60 engage the triangular protrusions 26. These constraints, 
While permitting movement of the bearing 16, control the 
movement of the femoral component as described herein 
after and thus create some rollback and alloW for the further 
posterior movement of the bearing insert. 

These constraints at the limits of normal motion Will 
compensate for missing cruciate ligaments and prevent 
dislocation of the components, i.e., the bearing insert, Which 
has been seen to occur in popular prior art ?oating bearing 
prosthetic knees. In most circumstances, normal soft tissue 
Will provide the primary restraining forces limiting motion 
of the components and, if necessary, the limits incorporated 
into the prosthesis 10 Would function as secondary 
restraints. 
Some rollback (approximately 5 millimeters in the present 

embodiment) automatically occurs (i.e., is obligated to 
occur) When tibiofemoral contact moves from one arcuate 
segment to the other one. The rest of the normal amount of 
rollback is alloWed to occur (but not obligated to occur) With 
the movement of the bearing insert. The amount of addi 
tional rollback that is alloWed to occur is governed by the 
interaction of the posterior cruciate ligament and the condy 
lar surfaces. The rollback of the femur With respect to the 
tibia during ?exion of the knee is an important characteristic 
of the present prosthesis because it causes the patellar 
tendon to move anteriorly With respect to the femur Which 
greatly increases the effectiveness of the quadriceps muscle, 
especially When rising from a chair. It has been found that 
many patients Who have had total knee replacements cannot 
get up from a sitting position Without assistance from their 
arms. Also, prior art unconstrained knees are frequently 
found to “roll forWard” rather than backWard during ?exion. 
In the design of the present invention, the shoulder bolt 
retaining means 40 prevents roll forWard and the bearing 
insert 16 recreates the normal situation and further helps to 
increase the quadriceps ef?ciency. KnoWn prior art total 
knee replacements have attempted to utiliZe the femoral 
component to control the motion of the bearing insert, just 
the opposite of the knee of the present invention. 

The Femoral Component 

The femoral component 12 of the present invention 
includes generally a pair of condyles 20, securing posts 18 
and a Web portion Which de?nes a patella track 70. The 
securing posts 18 provide means to secure the femoral 
component to the femur of a patient. As shoWn in FIG. 20, 
a pair of matched apertures are drilled into the femur and the 
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12 
end of the femur is formed With ?ve generally ?at surfaces 
as shoWn to ?t Within the ?at surfaces 72a through 726 as 
shoWn. The opposite surfaces 72a and 726 are generally 
parallel to one another and perpendicular to the surface 72c. 
The angled surfaces 72b and 72d are approximately at 45 
degrees With respect thereto. The entire surface of the ?at 
surfaces 72a—e and the surfaces of the posts 18 are designed 
for extramedullary bone groWth to secure the femoral com 
ponent to the end of the femur. 

Certain prior art prostheses propose the use of a femoral 
component in Which the multicentric surfaces of the 
condyles Were created by a common planar curve Which 
created a design Whereby every sagittal section along the 
condyle Was polycentric. This design results in a situation 
Where the condyles can only make area contact during 
approximately the initial 20° of knee ?exion thereby result 
ing in line contact and very high contact pressure Which 
increases the Wear of the bearing insert. In addition, prior art 
design of this type accommodates rollback of the femur With 
respect to the tibia and, particularly at maximum ?exion, 
there is a tendency for the bearing insert to “pop out” or 
become dislocated. 

The femoral component and sliding bearing of the present 
invention have congruent surfaces Which alloW for rotation 
and A-P motion Within the range of normal A-P motion to 
prevent excessive anterior and posterior draWer and rotation 
and dislocation of the bearing. The upper surface of the 
bearing 16 is designed so that the inferior surfaces of the 
femoral component-alWays have area contact at all ?exion 
angles. Constant area contact is achieved by distributing the 
femoral contact areas on the bearing 16 across the frontal 
plane such that different areas of the bearing 16 are con 
tacted through different angles of knee ?exion. Each contact 
area on the bearing has the same radius of curvature as the 
portion of the inferior surface of the femoral component 12 
in contact With the bearing. 

The Bearing Insert 

Referring to FIGS. 6—13, the bearing insert 16 is generally 
oval in shape With a pair of ?at ends 80R and 80L. The 
anterior or front side is a generally ?at arcuate Wall 82 Which 
includes a pair of cutouts 60 at the loWer right and left ends, 
respectively. The posterior side includes a relatively large, 
almost semicircular recess 84 Which provides substantial 
clearance for the posterior cruciate ligaments. The top 
portion of the rear Wall on either side of the recess 84 
includes a short generally vertical arcuate Wall portion 86 
Which merges into a generally arcuate, inWardly tapered 
loWer Wall portion 88. The tapered portions 88 merge With 
a pair of loWer chamfers at the bottom of the end Walls 80R 
and 80L Which terminate at their front ends With the cutouts 
60. 

The superior surface of the bearing insert is described by 
a plurality of arcuate channels or grooves Which are 
described in detail hereinafter in connection With the arcuate 
surfaces de?ned on the inferior contact surface of the 
femoral component. In order to add rigidity to the front Wall 
portion 82, an upstanding ?ange 96 is included immediately 
anteriorly of the aperture 32. The outer edges of the top of 
the front Wall 82 are softened by curves 98 as the transition 
to the top of the bearing insert 16. 

Contact Surfaces 

The contact surfaces betWeen the bearing insert 16 and the 
femoral component 12 are best understood if considered 
together. The upper surface of the bearing 16 includes a 
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plurality of arcuate surfaces for engagement With congruent 
arcuate surfaces on the inferior side of the femoral compo 
nent 12. Referring to FIG. 6, four of the arcuate surfaces 
have been labelled L and tWo of the surfaces have been 
labelled S. The four arcuate surfaces L are all generated 
using the same radius of curvature and similarly the tWo 
arcuate surfaces labelled S are generated using the same 
radius, Which is smaller than the radius used to generate the 
surfaces L. The arcuate surface S shoWn in section vieW in 
FIG. 12 is de?ned posteriorly of the arcuate surfaces L, one 
of Which is shoWn in sectional vieW in FIG. 11. As can be 
seen in FIG. 5, the complementary surface of the femoral 
component includes four arcuate surfaces L and tWo arcuate 
surfaces S. One signi?cant feature of the present invention 
is that the arcuate surfaces L and R lie in different sagittal 
planes as shoWn and make contact during different degrees 
of ?exion of the knee. 

In particular, the arcuate surfaces L on the inferior surface 
of the femoral component are in contact With the arcuate 
surfaces L on the bearing 16 betWeen approximately 0° 
through 8° of ?exion of the knee and the arcuate surfaces S 
of the femoral component are in contact With the arcuate 
surfaces S of the bearing 16 during approximately 8° 
through 140° of ?exion of the knee. At the transition point, 
at approximately 8° of ?exion, area contact occurs betWeen 
all of the arcuate surfaces L and S on the femoral component 
12 With all of the arcuate surfaces L and S on the bearing 
component 16. 

Although the siZe of the patient Will partially determine 
the siZe of the prosthesis, the folloWing siZes have been 
found to be effective in trials. More particularly, referring to 
FIG. 3, the arcuate surfaces L are generated by radius R1 
about a center point C. Center point C is slightly rearWardly 
de?ned relative to the post 18 and the radius R1 is approxi 
mately 1.60“. The arcuate surfaces S are generated by a 
radius R2 about a center of rotation D. The radius R2 is 
approximately 0.75 “. The center of rotation D of radius R2 
lies on a line passing through the center of rotation C of R1 
so that the surfaces L and R have a tangent point T in order 
to have a smooth transition of tibia-femoral contact at 
approximately 8° of ?exion. Thus, area contact of the 
arcuate surfaces L occurs during the ?rst 8° of ?exion of the 
knee and area contact is transferred to the arcuate sections S 
at approximately 8° and continues through maximum ?ex 
ion of about 140° . 

The position of the femoral component 12 With regard to 
the bearing 16 is controlled by the center of rotation of 
curvature for the arcuate surfaces S or L Which are in 
contact. The arcuate curves S are placed farther back on the 
bearing and Will draW the femoral component posteriorly 
thus alloWing obligatory rollback. Further rollback is per 
mitted because the elongated aperture 32 in the bearing 
alloWs the bearing to move posteriorly on the tibial platform. 
As described previously, the constraints 26 and the retaining 
means 40 prevent anterior movement of the bearing 16 
beyond the anterior edge of the tibial component. Therefore, 
When rollback is occurring during ?exion of the knee, no 
compensatory roll forWard Will occur betWeen the bearing 
16 and the tibial component 14. As the femoral component 
passes through approximately the 8° range, area contact is 
transferred betWeen the arcuate surfaces L to the arcuate 
surfaces S, the transition continues smoothly because of the 
common tangent point of the respective arcuate surfaces. 
The constraints as previously described With respect to the 
bearing 16 prevent dislocation of the bearing element When 
implanted. 

In an alternative embodiment, it is possible to obtain the 
same functionality and operation if, for example, the inner 
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14 
most or outermost complementary arcuate surfaces L Were 
eliminated. HoWever, additional area contact can be 
obtained to decrease the pressure betWeen the femoral 
component and the bearing by providing the additional 
arcuate surfaces L adjacent the center aperture 32. 

In addition, the arcuate surfaces L and S are designed to 
obtain the maximum amount of area contact possible Within 
the permissible space. To this end, the arcuate surfaces S on 
the bearing 16 are approximately 3/8“ Wide and approxi 
mately 11/8 long. As described previously, the radius R2, the 
radius for generating the arcuate surface S is approximately 
0.75 “ and lies in a sagittal plane. The transverse radius Which 
de?nes the arcuate surface in the medial lateral plane as 
shoWn in FIG. 5 is approximately 0.375“. Similarly, the 
arcuate surfaces L are approximately 1.25 “ in length gener 
ated by the radius R1 in the sagittal plane and the radius in 
the transverse plane R4 (FIG. 5) Which de?nes a radius of 
curvature of the arcuate surfaces L in the transverse plane is 
approximately 0.125 “. The center of rotation D is approxi 
mately 0.375“ posteriorly of the center of rotation C and 
about 0.9“ beloW the center of rotation C. The centerlines of 
the arcuate surfaces L are approximately 0.3“ on either side 
of the centerline of the arcuate section S and the respective 
centerlines of the arcuate sections S are approximately 2.00“ 
apart. 

FIGS. 22—32 describe the preferred embodiment of the 
present invention, Which as described previously, is simpler 
in, design and provides better performance. The preferred 
embodiment differs in several respects but primarily in the 
number of arcuate surfaces in contact betWeen the femoral 
component 12 and the bearing surface 16. In particular, this 
embodiment uses tWo arcuate surfaces on either side of the 
midline of the femoral component and the bearing surface as 
to the design Which includes three arcuate surfaces described 
previously With respect to the embodiment shoWn in FIGS. 
1—21. 

Referring to FIG. 29, the femoral component includes a 
pair of condyles 20 each of Which includes tWo arcuate 
surfaces L and S. In particular, the arcuate surfaces L on the 
inferior surface of the femoral component are in contact With 
congruent arcuate surfaces L on the bearing element 16 
betWeen approximately 0 and 8° of ?exion of the knee. The 
arcuate surfaces F of the femoral component are in contact 
With the arcuate surfaces S of the bearing element 16 during 
approximately 8° through 140° of ?exion of the knee. At the 
transition point, at approximately 8° of ?exion, area contact 
occurs betWeen all of the arcuate surfaces L and S of the 
femoral component 12 With all of the arcuate surfaces L and 
S on the bearing component 16. At this transition point in 
?exion, contact shifts betWeen surfaces L to surfaces S in a 
smooth, natural manner because again, as shoWn in FIG. 3, 
the arcuate surfaces S and L are tangent to one another at this 
instant during ?exion of the knee. As described previously, 
this common tangent point is a signi?cant advantage and is 
a feature that is not shoWn in any prior art devices. FIG. 3 
shoWs in detail the tWo radii R1 Which generates the arcuate 
surface L and R2 Which generates the arcuate surface S have 
a common center of rotation Where the center of rotation of 
R2 lies on the radii R1 at point D so that a line tangent to R1 
and R2 can be draWn only at the point Where a line through 
points C and D intersect the arcuate surface. 

It had been suggested in a prior European Patent No. 
0,346,183 to Henri Judet, published Dec. 13, 1989, that 
multiple radii may be advantageous. HoWever, there Was no 
disclosure like the knee herein shoWing a clear misunder 
standing of the requirements for natural knee movement. 
Judet had no common tangent point at any contact portion 




















